Background--Frailty is a predictor of adverse outcomes after acute myocardial infarction (AMI).
I n the United States, the older patient population is expanding rapidly, particularly among those >75 years of age. 1 There were 19 million aged 75 years or older in 2012, representing 6% of the total population, and these estimates are projected to increase to 46 million in 2050, representing 11.5% of the population. 2 This population is particularly susceptible to cardiovascular disease and its complications. 3 While outcomes have improved markedly over the past decades, the care for older adults with cardiovascular disease is often complicated by the presence of geriatric syndromes including multimorbidity, polypharmacy, functional decline, falls, and frailty. 3 Frailty is highly prevalent among older adults with cardiovascular disease. 4 It is a state of increased vulnerability to stressors, with limited reserves to stabilize declines across multiple physiologic systems, 5 and is therefore of particular importance when an older adult experiences a severe stress, such as an acute myocardial infarction (AMI). A few small studies have estimated the prevalence of frailty in older patients with severe coronary artery disease, [6] [7] [8] [9] [10] but national estimates of frailty in older patients specifically with AMI are rare. To facilitate the study of frailty from epidemiologic and population health perspectives, Segal and colleagues developed and validated a Claims-based Frailty Index (CFI) 11, 12 that approximates the widely used Fried physical frailty phenotype, [13] [14] [15] which relies on measures that are often not available from clinical encounters.
Most importantly, the best treatment for older adults, and in particular for frail older adults, with AMI remains unclear. The extents to which suboptimal outcomes in frail older adults are primarily attributable to the acute stressor (ie, AMI) or because of the underuse or overuse of procedures aimed to reestablish coronary perfusion are not known. In this study, we aimed to quantify the prevalence of frailty among older patients with AMI in the United States and to examine the influence of frailty on hospital mortality in a large populationbased study. Finally, we aimed to understand whether frailty is responsible for heterogeneity in outcomes from percutaneous coronary intervention (PCI) during the AMI admission.
Methods Data
This study utilized the Premier Healthcare Database (Premier, Inc, Charlotte, NC) that is populated with detailed patient-level information from >750 hospitals in the United States. It contains information from >717 million hospital encounters, which is 1 in 5 discharges in the United States. Data available for this study include demographic characteristics, disease status, as well as billed services in a de-identified patient daily service record. Each patient enrolled in this database has a unique identifier, which allows tracking of individual patients across inpatient and hospital-based outpatient settings within the same hospital system. The data that support the findings of this study will not be made available to other researchers because of restrictions in the data use agreement between Premier Inc and Johns Hopkins Medicine. Informed consent to perform this study was waived and this study was approved by the Institutional Review Board at Johns Hopkins University.
Population
The study population included patients aged 75 years or older who were admitted to the hospital with AMI between July 2000 and January 2016 in the United States. Patients were excluded if they died in the Emergency Department before hospital admission. AMI was defined a priori as the primary admission diagnosis using International Classification of Diseases, Ninth and Tenth Revisions (ICD-9 and ICD-10) Clinical Modification codes (ICD-9: 410; ICD-I21). [16] [17] [18] [19] [20] 
Claims-Based Frailty Index
Segal and colleagues previously developed and validated the CFI. 11, 12 Briefly, diagnoses considered reflective of the underlying domains of the physical frailty phenotype were identified and a model was optimized against the measured Fried frailty phenotype. We used the CFI to identify frailty among individuals in this cohort using data from inpatient and outpatient encounters in the 6 months before each patient's index AMI admission. Each variable from these encounters was coded as present or absent and then multiplied by the beta-coefficient, obtained from the original regression, to get a continuous score (Table 1) . 11 Similar to the methods used in the development and the validation of the CFI, we used a probability cutoff of 0.20 to classify individuals admitted with AMI as frail versus nonfrail. It should be noted that the CFI was developed and validated against a performance-based test, the Fried frailty phenotype, and as such we use the term "physical frailty" interchangeably with "frailty" identified by the CFI throughout this article.
Clinical Perspective
What Is New?
• The prevalence of frailty during first observed acute myocardial infarction admission was 19%; it was much higher in patients who were not treated with percutaneous coronary intervention (PCI) or coronary artery bypass surgery, and this prevalence has increased over the past decades paralleled by the higher survival in older populations with acute myocardial infarction. • Frail older patients were less likely to receive revascularization with PCI or coronary artery bypass surgery, and had a higher in-hospital mortality rate, referral to hospice, and discharge to rehabilitation centers, as compared with nonfrail patients. • Frailty modified the relationship between PCI and in-hospital mortality, but PCI in frail older patients was still associated with improvement in survival.
What Are the Clinical Implications?
• Frailty assessment adds important clinical perspective to the treatment paradigm for older adults admitted with acute myocardial infarction. • While this patient group is at an increased risk for hospital mortality and cardiovascular complications during their first observed acute myocardial infarction hospitalization, use of revascularization with PCI in frail older patients is still associated with survival benefit.
Study Outcome
Our primary outcome was in-hospital mortality, defined as death occurring after admission and before hospital discharge.
Comorbidities and Procedures
All comorbid conditions were defined in accordance with the Elixhauser Comorbidity Software, which was developed as part of the Healthcare Cost and Utilization Project by the Agency for Healthcare Research and Quality. 21, 22 For each patient, we selected the first admission for AMI observed in the data. For this analysis, readmissions for AMI after this index admission were excluded. In a similar fashion, patients who received PCI or coronary artery bypass surgery (CABG) during their index admission for AMI were identified.
Statistical Analysis
We first aggregated data across all years and used descriptive statistics to describe the cohort participants' baseline demographics, cardiovascular and noncardiovascular comorbidities, and use of cardiovascular procedures stratified by frailty status. We then characterized the cohort stratified by cardiovascular procedure (PCI, CABG, and medical therapy alone). Given the infrequent use of CABG in the frail population, individuals treated with CABG were excluded from further analyses. Differences between groups were tested using t tests and v 2 tests, as appropriate. To describe secular trends, we plotted the prevalence of frailty, the prevalence of use of PCI, and the in-hospital mortality rate within the cohort by calendar year. We then calculated the odds of in-hospital mortality by frailty status to examine the influence of frailty on hospital outcome during AMI admission, inclusive of patients receiving any therapies. To understand whether frailty simply recapitulates age, we also examined the influence of frailty on hospital mortality adjusting for age, as age strongly determines the CFI score. For a crude odds ratio (OR), we calculated the odds of inhospital mortality for those receiving PCI and those not receiving PCI, separately for frail and nonfrail cohort members. We then used multivariable logistic regression to evaluate the influence of PCI on hospital mortality during index AMI admission, controlling for possible confounders, in separate models for the frail and nonfrail cohort members. In the frail model, the covariates that contributed to the CFI were excluded from the model. The multivariable model included pulmonary circulatory disorder, valvular heart disease, peripheral vascular disease, paralysis, stroke or transient ischemic attack, chronic lung disease, diabetes mellitus with and without complications, hypothyroidism, renal failure, liver disorder, ulcer, lymphoma, tumors, or metastasis, weight loss, electrolyte and fluid disorder, iron deficiency anemia, alcoholism, drug overdose, psychiatric disorder, and year of admission. These stratified analyses were repeated using forward and backward logistic regression to help identify a parsimonious model.
To examine effect measure modification, we fit a multivariable logistic regression model that included frailty interacting with PCI. To understand the influence of PCI on hospital mortality among frail older patients alone, the mortality rate was calculated by treatment status (PCI versus no-PCI) adjusting for confounders (see model above). Finally, to understand the influence of PCI by age, we plotted the mortality rate of those who were treated with versus without PCI by age during their index AMI admission. All statistical analyses were performed using STATA version 15 MP (Stata-Corp, College Station, TX). We considered a P value of <0.05 as significant and all tests were 2-sided.
Results
From 2000 to 2016, we identified 469 390 encounters for patients ≥75 years admitted with AMI ( Table 2 ). The average Continued age of this cohort was 82 years; 53% were women and were 75% were white. Among the total cohort, the prevalence of frailty was 19%. Frail patients were older, more likely to be women and ethnic minority members, and had more cardiovascular and noncardiovascular comorbidities. While the prevalence of frailty increased in the early years, it remained relatively stable in the later years ( Figure 1 ). Relative to nonfrail older adults, frail older patients with AMI were more likely to die during the index AMI admission. In this cohort of older adults admitted with AMI, the overall mortality rate was 10.3%, and it was higher in the frail than nonfrail patients (Frail: 13.2% versus Nonfrail: 9.6%, P<0.001). When evaluating the secular trends over the 17-year study period, the rate of utilization of PCI increased in the early years of the study and this was paralleled by a consistent decline in the overall in-hospital mortality rates. Patients treated with PCI were younger and their comorbidity burden was less than that of non-PCI-treated patients ( Table 3) . Across all years, PCI-treated patients had lower in-hospital mortality (PCI versus non-PCI: 6% versus 12%, P<0.001).
Frail patients were less likely to receive percutaneous revascularization with PCI than nonfrail patients (15% versus 33%, P<0.001) and much less likely to receive surgical revascularization with CABG (frail 1% versus nonfrail 9%, P<0.001) during the AMI admission. The prevalence of frailty in PCI-treated patients was 9.9% and 23.1% in patients without intervention. The rate of utilization of PCI during index AMI admission was significantly higher in nonfrail older adults at all ages, but the utilization of PCI in even nonfrail older adults decreased dramatically in patients over 85 years of age ( Figure 2) .
In an unadjusted model including the whole cohort, the use of PCI was associated with >51% reduction in hospital mortality (OR 0.49, 95% CI 0.47-0.50). Frail older adults benefited from PCI with a mortality reduction of 41% (OR 0.59, 95% CI 0.55-0.0.63), although nonfrail patients experienced improvement in survival after PCI, 51% (OR 0.49, 95% CI 0.47-0.50) compared with patients managed medically. Similarly, frail older adults benefited from CABG with a mortality reduction of 23% (95% CI 7-35%), although nonfrail patients experienced a greater improvement in survival after PCI, 26% (95% CI 23-29%), compared with the medical management group. In the multivariable analysis, adjusting for cardiovascular and noncardiovascular comorbidities, nonfrail older adults treated with PCI had lower hospital mortality (OR 0.58, 95% CI 0.56-0.60) than frail adults, although they too are associated with substantial survival benefit (OR 0.67, 95% CI 0.63-0.71). The interaction between PCI and frailty was significant (P-value for interaction <0.001), supporting a differential benefit in the frail and nonfrail patient populations; the absolute mortality difference was 1.3%. Among frail older patients, the adjusted mortality was lower among those who received PCI than those who received medical management alone (Figure 3 ). This association with survival was consistent across all older age groups (Figure 4 ).
Discussion
This is the largest study to examine the prevalence and impact of frailty in older adults aged ≥75 years admitted with AIDS indicates acquired immune deficiency syndrome; AMI, acute myocardial infarction; CABG, coronary artery bypass surgery; PCI, percutaneous coronary intervention. *All estimates were presented with 95% CI. † Frailty was defined according to the claims-based frailty index derived from inpatient and outpatient data from 6 months before the AMI admission. AMI in the United States. We found that the prevalence of frailty in older adults during an AMI hospitalization is 19%. During these admissions, frail older patients were less likely to receive PCI or CABG as a treatment for AMI, as compared with nonfrail adults. When we examined secular trends over the 17-year period of the study, the rate of PCI utilization increased and morality decreased, even though the prevalence of the physical frailty syndrome increased. Frail older adults experienced higher hospital mortality during their AMI admission and were more likely to be discharged to rehabilitation or hospice care. Throughout the study period, PCI was associated with survival in frail older patients, although this association was stronger in nonfrail patients. The prevalence of frailty during AMI or severe multivessel disease was studied previously, but the estimates were variable. 4 This may be because of the lack of uniformity in the tools used to identify physical frailty phenotype in the setting of AMI and small study sizes. Afilalo and colleagues summarized this body of evidence in a seminal review. 4 Purser et al reported that the prevalence of frailty in patients with multivessel coronary disease is 27%; this study measured frailty as the Fried phenotype and included only 309 patients. 8 In a study from the Mayo Clinic of 629 patients undergoing PCI, the prevalence of the Fried phenotype frailty was 19%, 10 identical to the point prevalence we observed in this study.
When physicians encounter patients with physical frailty or multisystem degeneration in clinical practice, a less aggressive approach to therapy is usually selected. In a study of 307 patients aged 75 years or older with non-ST-segmentelevation myocardial infarction, coronary angiography was attempted in only 15.4% and revascularization was performed in only 6.7% of the frail older patients. 7 In the study described above, of the 309 patients aged 70 years or older with multivessel coronary disease or left main involvement who underwent cardiac catheterization, only 45.6% and 8.8% of the patients deemed frail in accordance with the Fried phenotype received PCI and CABG, respectively. 8 Our study complements these findings as it adds national estimates from a large sample of older patients with AMI. In almost 90 000 frail patients, we found that PCI was attempted in only 16% and CABG was utilized in only 1.4% of the sample. These results may suggest that clinicians try to avoid exposing older patients to invasive procedures because of their increased risk for complications. Recommendations regarding use of PCI in frail older adults in the context of AMI are not based on clinical trial evidence; thus good clinical judgment was advised in the position statement from the American Heart Association Council on Clinical Cardiology. 23, 24 Several prior studies reported that frailty increased the risk for hospital mortality in the setting of multivessel coronary disease and PCI. 7, 8 We addressed whether baseline frailty modified the relationship between PCI and in-hospital mortality. In our study, frail older patients experienced substantial improvement in survival, even though that benefit was less than that experienced by nonfrail older patients. It is also plausible that there is underlying "selection bias" in which PCI is given to those patients with lesser degrees of frailty, which results in the no-PCI group having higher proportions of patients with frailty burden. These results emphasize that PCI in frail patients was associated with survival after development of AMI. While clinical trial data are needed in this growing population of older patients, revascularization should not reflexively be withheld solely because of the presence of frailty. 25 Frailty status assessment should be integrated in the assessment of older patients being considered for invasive cardiovascular procedures to allow for informed, shared decision-making about revascularization. We acknowledge several limitations in this work. First, we identified diagnoses based on ICD-9 and ICD-10 administrative codes. Diagnoses that are not directly tied to reimbursement may be "undercoded," as may be the case with the elements of the CFI. Despite this limitation, many healthcare settings are increasingly adept at using their claims and electronic health record data in real-time to inform patient care; and in this regard the CFI may be a valuable resource for identification of frail older adults at risk of adverse health events and higher utilization of healthcare resources during their AMI admission. Second, risk scores to predict hospital mortality after AMI were not used in this analysis because existing risk scores (eg, NCDR CathPCI Risk Score System) include some variables that were used to define the CFI (eg, age, heart failure, stroke, etc). 26 Third, CFI is an imperfect surrogate for Gold standard criteria, but CFI is an important tool to study frailty from a population level when the measurement of underling domains is not available. While the adjustments utilized in our study were comprehensive, residual confounding may still exist. Furthermore, Premier Healthcare Database contains inpatient and outpatient data for patients followed within the same hospital system (ie, this analysis included only patients who sought care in the same hospital system of their AMI admission). Patients without data from outpatient visits preceding their index AMI admission, because of receipt of care at other institutions, were necessarily omitted from the cohort. However, we have no reasons to believe they would have been more or less frail than the included patients. Additionally, a recent study that used a Hospital Frailty Risk Score derived from ICD-10 diagnostic codes for patients 75 years or older admitted to the National Health Service in England reported prevalence estimates similar to those of our study. 27 Finally, frailty by itself can be a spectrum that ranges from mild to severe form. In this study, the effect of PCI on this severity spectrum cannot be ascertained.
This study has several important strengths. First, this is the largest population-based study to examine the prevalence of frailty in adults admitted with AMI by the treatment they received in "real world" clinical practice. Second, the CFI for identification of frailty used claims data that are fairly ubiquitous; this may allow for other population-based studies of frailty in different contexts within cardiovascular medicine. Third, our study used data on frailty status collected from inpatient and outpatient visits 6 months before the AMI admission. This is especially important because we were able to measure frailty status before the acute stressor and this probably represents the individual at their baseline. Fourth, inhospital mortality should/could be a therapeutic "target" in very old patients >85 years of age, which in contrast could be an understandable target in patients aged 75 to 85 years. This is especially important because the World Health Organization reported that coronary heart disease deaths will increase by 120% to 137% during the next 2 decades, and a person aged 80 years can expect about 9 remaining years of life. 28 Finally, this analysis is the first to examine frailty as an effect measure modifier in the association between PCI and hospital mortality. This analysis will expand the field by focusing on the integration of frailty assessment during AMI and appropriate choice of therapies for the frail older adult group.
Future research efforts should focus on studying how frailty may be mitigated in the setting of AMI (ie, physical strengthening and rehabilitation programs, nutritional support) and directing even more appropriate treatments for AMI to target this vulnerable patient group (ie, shorter dual antiplatelet therapy to reduce the risk of bleeding, type of stents [drug-eluting versus bare metal], and blood pressure and cholesterol targets as secondary prevention goals). While improvement in hospital mortality is an important hard clinical outcome after PCI, quality of life measures and survival after discharge should be integrated into future research on PCI in frail older adults. Finally, validation of simple bed-side measures of frailty (eg, essential frailty toolset, gait speed) during AMI and identification of novel biomarkers to reflect frailty status are essential to advance the field of frailty and multisystem degeneration in the setting of acute cardiovascular illness. 15, 29 
Conclusion
In this large study, we report that the prevalence of physical frailty syndrome in adults aged ≥75 years during first observed AMI admission was 19%; frailty was much more prevalent among patients who were not treated with PCI or CABG. While overall survival after AMI has improved over the past 2 decades, partly because of increased utilization of early revascularization, the prevalence of frailty has increased as the age of patients admitted with AMI is also rising. As shown in smaller studies, frail older patients are less likely to receive revascularization therapies with PCI or CABG and have higher in-hospital mortality rates. Frailty acts as an effect measure modifier in the relationship between PCI and in-hospital mortality, but PCI in frail older adults was still associated with survival as compared with medically treated patients. Frailty assessment should be considered in the treatment paradigm for older adults admitted with AMI, and clinicians should recognize that frail patients may benefit from intervention.
